REVIEW
■ KEY POINTS
CPAP is the most effective treatment for obstructive sleep apnea and is available in several different delivery systems.
For patients with obstructive sleep apnea, CPAP may lower blood pressure in those with daytime sleepiness, improve left ventricular ejection fraction in those with heart failure, and reduce cardiovascular risk.
Strokes and transient ischemic attacks share risk factors with obstructive sleep apnea, but whether sleep apnea is an independent risk factor for ischemic cerebrovascular disease has not been proven.
Upper airway surgery could be considered for patients unable to tolerate CPAP, but available data regarding efficacy are limited.
BSTRUCTIVE SLEEP APNEA is strongly associated with cardiovascular disease, but whether the association is causal is difficult to prove. Because mild to moderate obstructive sleep apnea is common, determining who would benefit from therapy remains a key question.
This article discusses the clinical presentation, diagnosis, and treatment of obstructive sleep apnea and reviews recent literature on its association with cardiovascular disease.
■ OBSTRUCTIVE SLEEP APNEA IS COMMON
Obstructive sleep apnea is the most common sleep-related breathing disorder and is widely recognized as a public health problem. 1 In the United States, it is more prevalent than asthma and is as common as diabetes mellitus. 2, 3 In the Wisconsin Sleep Cohort Study, 4 when 602 randomly selected employed men and women aged 30 to 60 years underwent polysomnography, 9% of the women and 24% of the men had an abnormal apnea-hypopnea index (AHI; see below). Furthermore, 4% of the men and 2% of the women had both an abnormal AHI and sleep apnea-related symptoms.
Overweight, older people most at risk Risk factors for obstructive sleep apnea include excess weight, male sex, and advanced age. [5] [6] [7] It is most common between the fifth and seventh decades. 7, 8 Menopause significantly increases the risk for obstructive sleep apnea independently of other factors; after menopause, women develop obstructive sleep apnea at a rate similar to that in men. 9 Obesity, the most important risk factor, exists in approximately 70% of patients with obstructive sleep apnea. 10, 11 Certain craniofacial and upper airway anatomic features, which may be more common in Asians, also predispose to the condition. 12 
■ APNEA DUE TO UPPER AIRWAY CLOSURE
Respiratory events during sleep in adults have been scored by the same criteria for more than 30 years 13 but are now being examined by the American Academy of Sleep Medicine for possible revision. By current definitions, disorded breathing events are associated with cessation (apneas) or reduction (hypopneas) in measurable airflow as well as a minimum 4% drop in oxyhemoglobin saturation.
Apnea and obstructive hypopnea frequently occur in the same patient. They result from reduced airflow during sleep due to partial or complete occlusion of the upper airway at the oropharyngeal level. The respiratory pump continues to generate breathing efforts against an occlusion, resulting in paradoxical movements of the chest wall and abdomen as well as swings in intrathoracic pressure (as measured by an esophageal balloon, since esophageal pressure is a surrogate of intrathoracic pressure) (FIGURE 1). 14 How obstructive sleep apnea develops is complex and involves anatomic, genetic, and environmental factors. Narrowing or closure may occur at one or more sites in an unstable upper airway and is influenced by neuromuscular tone, compliance of the pharynx, upper airway muscle synchrony, and stage of sleep. Upper airway size and patency are anatomically determined by soft tissue and skeletal factors. In obese patients, the lumen of the pharynx is narrowed by nearby fat-layering. Hypertrophy of the tonsils and enlarged lateral pharyngeal walls also predispose to airway narrowing during sleep. 15 ■ SYMPTOMS: DAYTIME SLEEPINESS, DISRUPTED SLEEP
In the United States, obstructive sleep apnea is estimated to be undiagnosed in 75% to 80% of people who could benefit from treatment. 16 Primary care physicians are in a unique position to identify and evaluate these patients. Most high-risk patients do not fit the stereotype of Pickwickian syndrome (ie, extreme obesity and excessive sleepiness). 6 The term "Pickwickian syndrome" is outdated and has been supplanted by "obesity-hypoventilation syndrome," which is characterized by chronic hypoventilation and hypercapnia during wakefulness. 17, 18 Large, population-based cohorts have found that the typical patient with obstructive sleep apnea has a body mass index of between 28 and 32 kg/m 2 .
Probably the best ways to identify patients likely to have obstructive sleep apnea are to ask patients about their quality of sleep and daytime sleepiness and to seek additional history from others. Commonly, the bed partner reports loud snoring with brief gasps alternating with episodes of silence lasting 20 to 30 seconds. Patients typically complain of daytime somnolence with drowsiness, particularly during "permissive situations" (eg, after meals, while watching television, or attending a lecture). A sensation of choking that interrupts sleep, nocturnal palpitations, restlessness with frequent turning, esophageal reflux, and dryness of mouth are also frequently reported. 19 Dull headaches occurring in the morning or at night are occasionally reported.
Cognitive impairment-including attention deficit, memory decline, and impaired concentration and judgment-has been associated with obstructive sleep apnea and in some cases may be reversible with continuous positive airway pressure (CPAP) treatment.
The initial physical examination should focus on cardiorespiratory, endocrine, and metabolic disease and abnormalities of the upper airway structure. Obesity, craniofacial abnormalities, symptomatic hypothyroidism, and acromegaly should raise the suspicion of obstructive sleep apnea.
Combinations of clinical variables such as body mass index, snoring, reports of nocturnal breathing disturbances, adjusted neck circumference, and a history of hypertension have been used in primary care settings to predict abnormal sleep-test results. 20 Screening questionnaires such as the Epworth Sleepiness Scale 21 or the Berlin questionnaire are more formal predictors but do not substitute for directly measuring breathing during sleep. 22 The usefulness of methods such as overnight pulse oximetry for screening has not been proven.
■ POLYSOMNOGRAPHY IS NEEDED FOR DIAGNOSIS
To diagnose obstructive sleep apnea and assess its severity, current guidelines recommend performing full overnight sleep studies with polysomnography. 23 The role of ambulatory in-home monitoring is evolving but is not currently standard for the diagnosis of obstructive sleep apnea in the United States. Polysomnography entails the simultaneous recording of several variables for staging and quantifying sleep as well as for identifying sleep arousals or awakenings. The test includes:
• Standard respiratory measurements, including arterial oxygen saturation by ear or finger pulse oximetry • Recordings of chest and abdominal excursions to detect apneas or hypopneas and classify them as obstructive and nonobstructive • Electrocardiography to monitor heart rhythm • Surface electromyography to monitor skeletal muscle activity (typically jaw and leg movements are recorded) • Electroencephalography to measure brain electrical activity • Electro-oculography to measure eye movements and determine when sleep occurs, as well as when the rapid eye movement stage occurs.
The apnea-hypopnea index
The apnea-hypopnea index (AHI) is the number of episodes of apnea (cessation of breathing) and hypopnea (breathing that is slower or shallower than normal) per hour of sleep. 24 Results are classified as:
Patients with very severe obstructivesleep apnea may have an AHI exceeding 100.
However, the AHI is imperfect because it does not incorporate all the important variables, such as the number of arousals from sleep, which may be most critical in a patient with daytime sleepiness, or the degree of oxygen desaturation, which may have the most impact on outcome in severe coronary artery disease.
Polysomnography helps distinguish obstructive sleep apnea from other sleep-related breathing disorders such as simple snoring, circadian rhythm disorder, central sleep apnea, narcolepsy, and periodic limb movement disorder.
■ CARDIOVASCULAR DISEASE IS ASSOCIATED WITH SLEEP APNEA
Evidence is increasing that obstructive sleep apnea is associated with common vascular disorders including hypertension, heart failure, Poor sleep and daytime sleepiness help identify patients likely to have obstructive sleep apnea myocardial infarction, and stroke. However, proving that obstructive sleep apnea actually causes cardiovascular disease independent of confounding risk factors is difficult. For example, obesity is a risk factor for obstructive sleep apnea and cardiovascular disease, and both problems often exist in the same patient. The question whether obstructive sleep apnea causes cardiovascular disease is important, because if it does, treating it with CPAP could reduce death and disease from major cardiovascular and cerebrovascular events. However, evidence from large randomized controlled trials is lacking, and results of cohort studies and small trials have been conflicting.
Obstructive sleep apnea may increase the risk of cardiovascular risk via a number of different mechanisms (FIGURE 2). 25
Hypertension is increased
Patients with obstructive sleep apnea have higher average blood pressure than do ageand sex-matched controls.
The recent Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure lists obstructive sleep apnea as an identifiable cause of hypertension. 26 A number of events that occur during obstructive sleep apnea could contribute to blood pressure elevations. Respiration significantly influences the short-term modulation of sympathetic nerve activity: repetitive hypoxemia from episodes of apnea and hypopnea stimulates peripheral chemoreceptors, located at the carotid bifurcations, resulting in reproducible phasic increases in sympathetic neural output as well as an increase in sympathetic tone. 27 Repetitive hypoxia and arousal further increase sympathetic tone 28 and are thought to be key to short-term and long-term blood pressure elevations. Obstructive sleep apnea is also associated with impaired endothelium-dependent vasodilatation of resistance vessels. 29 Fletcher et al 30 exposed rats to 35 days of chronic intermittent hypoxia (simulating the pattern found in obstructive sleep apnea) and found that mean arterial blood pressure increased 13.7 mm Hg. Brooks et al 31 
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dogs to recurrent airway occlusion during sleep. Acute transient increases occurred in nighttime blood pressure, and within 4 weeks, daytime blood pressure increased. The first convincing evidence in humans of an independent relationship between obstructive sleep apnea and sustained daytime hypertension was from the prospective, population-based Wisconsin Sleep Cohort Study. 32 Adults with a baseline AHI of 15 or more had nearly three times the risk of developing hypertension 4 years later. Risk increased with a higher AHI; even minimal sleep-disordered breathing increased risk. The association was independent of body habitus, age, sex, and cigarette and alcohol use. A possible limitation of this study was the inclusion of subjects with treated hypertension at baseline.
The Sleep Heart Health Study, 33 a crosssectional analysis of 6,132 healthy middleaged and older adults, found that sleep-disordered breathing was associated with hypertension, independent of possible confounders including body mass index, fat distribution, alcohol intake, and smoking.
These studies provide strong evidence for an association between elevated blood pressure and obstructive sleep apnea. However, a definitive cause cannot be established from cross-sectional studies, because they are potentially affected by selection and prevalence-incidence bias.
CPAP lowers blood pressure in some cases
Standard treatment with CPAP acutely lowers sympathetic drive and nocturnal blood pressure in patients with obstructive sleep apnea. 34, 35 But data supporting an effect of CPAP on daytime blood pressure are variable. Even results from randomized controlled trials can be difficult to interpret: baseline differences in study subjects and variable study methods may contribute to inconsistent outcomes.
While the relationship between obstructive sleep apnea and blood pressure is complex, two important determinants of the blood pressure response to CPAP treatment have emerged: excessive daytime sleepiness and baseline blood pressure.
Barbe et al 36 found that in patients with severe obstructive sleep apnea by AHI criteria with generally normal blood pressure and without subjective sleepiness, blood pressure did not significantly change after 6 weeks of CPAP therapy.
Robinson et al 37 found that patients with obstructive sleep apnea with elevated blood pressure but without daytime sleepiness did not have significantly lower blood pressure after 1 month of CPAP treatment.
Campos-Rodriguez et al 38 found no significant changes in blood pressure after 4 weeks of CPAP in patients with obstructive sleep apnea with modest daytime sleepiness who were already being treated for hypertension.
However, Pepperell et al 39 found that in patients with marked daytime sleepiness (mean Epworth Sleepiness Scale score 16) and slightly elevated baseline blood pressure levels, blood pressure was significantly reduced after a month of CPAP therapy.
Moreover, Becker et al 40 found the largest blood pressure reductions in sleepy patients (mean Epworth Sleepiness Scale score 14) with very severe sleep apnea (AHI > 60). (Most patients were being treated for hypertension before the study, and no change in hypertension therapy was allowed during the study.)
These data suggest that CPAP lowers blood pressure in some patients with obstructive sleep apnea, particularly those with daytime sleepiness, but not in those with mild apnea or even severe disease with only minimal clinical symptoms.
Congestive heart failure is increased
Patients with heart failure commonly have either central or obstructive sleep apnea, and increasing evidence indicates that both forms of sleep-disordered breathing share some common pathophysiologic mechanisms. 41, 42 Sin et al, 43 in a retrospective study of 450 patients with congestive heart failure who were referred to a sleep laboratory, found that the prevalence of obstructive sleep apnea was 32%. Chan et al 44 found that half of patients with isolated diastolic heart failure had an abnormal AHI. The Sleep Heart Health Study 45 found that obstructive sleep apnea is associated with significantly increased odds of having heart failure. Experimental evidence also indicates that heart failure may predispose to obstructive sleep apnea, possibly CPAP is the most immediately effective treatment for obstructive sleep apnea because of upper airway soft tissue edema. 46 Few interventional trials have evaluated the effect on heart failure of treating obstructive sleep apnea. Mansfield et al, 47 in a randomized controlled therapeutic trial in patients with stable heart failure and obstructive sleep apnea, found that 3 months of nocturnal CPAP was associated with significantly improved left ventricular ejection fraction. Kaneko et al 48 found similar improvements in patients with ischemic and nonischemic dilated cardiomyopathy treated with 1 month of CPAP. Interestingly, even though they had severe obstructive sleep apnea as measured by the AHI, the patients in both studies reported only mild daytime sleepiness.
Further research is needed to determine the impact of CPAP on cardiovascular outcomes in heart failure, particularly for patients who report no significant daytime sleepiness.
Coronary artery disease is increased
Ample experimental and observational data suggest that obstructive sleep apnea is an important risk factor for vascular disease.
Hypoxemia, postapneic reoxygenation, hypercapnia, sympathetic activation, acute pulmonary hypertension, and surges in blood pressure are potent stimuli for the release of vasoactive substances and for impaired endothelial function. Neutrophils and monocytes increase production of reactive oxygen species, and expression of adhesion molecules and cytokines (interleukin 6, tumor necrosis factor alpha) is enhanced. Many patients have elevated C-reactive protein levels. 25 Obstructive sleep apnea increases the risk of fasting hyperglycemia, insulin resistance, and type 2 diabetes mellitus. 49 Hanly et al 50 performed overnight electrocardiography in patients with obstructive sleep apnea who were free of clinically significant coronary artery disease and found that ST-segment changes occur during respiratory events.
Despite this strong association, randomized controlled interventional trials have failed to show that treating obstructive sleep apnea improves cardiovascular risk beyond small reductions in blood pressure in some patients. However, such studies are prone to a myriad of methodologic challenges.
Marin et al, 51 in a recent 10-year cohort study, compared the incidence of fatal and nonfatal cardiovascular events in healthy men, simple snorers, patients with untreated obstructive sleep apnea, and patients treated with CPAP. Multivariate analysis adjusted for potential confounders showed that patients with untreated severe obstructive sleep apnea had a significantly increased risk of fatal and nonfatal cardiovascular events vs subjects in all other groups (odds ratio 2.87 and 3.17, respectively). The risk of cardiovascular events was associated with the severity of untreated sleep apnea. CPAP treatment for at least 4 hours per night significantly reduced cardiovascular risk. While the observational nature of the study and some baseline differences between groups may bias the results, the length of this study strengthens the evidence that CPAP treatment reduces long-term cardiovascular risk.
Risk of stroke is increased
Strokes and transient ischemic attacks share risk factors with obstructive sleep apnea, but whether sleep apnea is an independent risk factor for these events has not been proven. Sleep-related breathing disorders are both a possible risk factor and a consequence of stroke. 52, 53 Sleep apnea is very common following stroke (60%-70%) and is independent of neurologic recovery. 54 A case-control study showed no increased rate of obstructive sleep apnea in patients with transient ischemic attacks when compared with controls. 55 Yaggi et al, 56 in an observational cohort study, followed patients who were referred to a sleep center over a median of 3.4 years and found an increased risk of stroke or death among patients with obstructive sleep apnea, with more severe apnea associated with greater risk. No effect on outcomes was found from various therapies (CPAP, weight loss, upper airway surgery), but the study was not designed to assess treatment.
Further longitudinal interventional studies are needed to assess the effect of apnea treatment on cerebrovascular disease.
■ A PROPENSITY FOR ACCIDENTS
Drowsiness itself is an important risk factor for injury and death; evidence indicates that People with sleep apnea are more likely to be involved in motor vehicle accidents OBSTRUCTIVE SLEEP APNEA KRIEGER AND CAPLES patients with sleep apnea are more likely to be involved in motor vehicle accidents. 57, 58 ■ TREATMENT Several options are available for treating obstructive sleep apnea (TABLE 1) , 59 although no drug has proven effective.
CPAP is the most effective treatment
Supported by more than 2 decades of use, CPAP is without a doubt the most immediately effective treatment for obstructive sleep apnea and is the standard of care for moderate to severe disease. 60 Patients with daytime symptoms attributable to obstructive sleep apnea should be offered a trial of CPAP and informed that it must be used continuously during sleep, that full benefit may not be realized for several weeks, and that it does not offer a cure.
Delivered by nasal or oronasal mask, CPAP provides a pneumatic stent of the upper airway, preventing collapse and increasing airflow while eliminating snoring. Sleep continuity improves and respiratory arousals are reduced.
Optimal treatment pressure can be determined in a sleep laboratory titration study. Alternatively, an autotitrating device may be acceptable in some circumstances. 61 Pressure requirements may change over time, but appropriate follow-up intervals have not been determined. Weight loss or gain may respectively reduce or increase the therapeutic pressure required. In addition, disease severity tends to increase with age, and patients who have been stable for several years with a given pressure may develop breakthrough apnea events.
Despite CPAP's effectiveness, many patients find it difficult to tolerate and adhere to therapy. Experimenting with different devices may help: masks are available in a variety of sizes, shapes, and materials, and nasal pillows can be used as an alternative. A chin strap or an oronasal mask may help if a persistent air leak through the mouth is a problem. Nasopharyngeal congestion and rhinorrhea are common side effects, which may be helped by humidifying the delivered gas, applying topical nasal steroids, or using ipratropium spray (Atrovent).
Other forms of PAP that may prove useful, particularly if laboratory titration of CPAP is unsuccessful, include bi-level assisted ventilation (BiPAP) and autotitrating PAP devices.
Weight loss, other conservative measures
Weight loss should be recommended to all overweight patients diagnosed with obstructive sleep apnea. Even modest weight loss can help, and dramatic weight reduction, such as after bariatric surgery, may completely eliminate the problem. 62 Patients with mild disease may be primarily treated with general measures, including avoiding alcohol and other central nervous system depressants, treating nasal congestion, DECEMBER 2007 changing from a supine to a lateral sleep position, and avoiding sleep deprivation. Patients should also avoid caffeine and other stimulants, maintain a regular sleep-wake schedule, and avoid daytime napping. Environmental changes may help promote a comfortable undisturbed sleep.
Patients should be counseled to quit smoking, although evidence linking cigarette smoking with obstructive sleep apnea is circumstantial.
Supplemental oxygen can help patients with chronic lung disease who have significant arterial oxygen desaturation during sleep.
Perhaps the upper airway muscles can be trained. A recent randomized controlled trial found that patients with moderate obstructive sleep apnea and snoring who regularly played a didgeridoo (an Australian wind instrument) for 4 months had moderately reduced AHI and symptoms. 63 Oral appliances can help Oral appliances move the tongue or mandible forward to increase upper airway caliber. An experienced dental specialist or orthodontist can create a reasonable alternative treatment for patients with mild to moderate disease who do not benefit from CPAP or cannot tolerate it. Regular follow-up and objective testing, which may include polysomnography, are critical to ensure efficacy.
Upper airway surgery can be an alternative
The benefits of upper airway surgery have not been proven by randomized trials or long-term observational studies and should be considered only for patients who cannot tolerate or who refuse CPAP therapy. Young patients in particular may prefer surgery over long-term CPAP therapy.
Procedures include uvulopalatopharyngoplasty, laser-assisted uvulopalatoplasty, tonsillectomy, partial resection or ablation of the tongue, reconstruction of the mandible or maxillae, and tracheostomy. These should be performed only by experienced surgeons.
Uvulopalatopharyngoplasty has been performed for decades, but benefits tend to wane with time. Complications may include pain, bleeding, nasopharyngeal stenosis, changes in voice, and death. 64 Soft palatal implants are undergoing clinical trials to assess their efficacy in mild to moderate obstructive sleep apnea.
Tracheostomy is a viable treatment in those with refractory disease but is much less frequently employed than in past years.
Cardiac overdrive pacing is unproven
Cardiac overdrive pacing was proposed as a treatment for obstructive sleep apnea based on a preliminary trial, 65 but a follow-up trial found it ineffective. 66 Cardiac pacing may reduce the occurrence of central apneas through its effects on feedback to the central respiratory centers and may one day play a role in treating this condition. 67 
■ PERIOPERATIVE CONSIDERATIONS
Because of chronic sleep disruption and a propensity for upper airway collapse, patients with obstructive sleep apnea are at high risk of exaggerated disordered breathing during anesthesia. Postoperative effects of anesthesia and surgery have produced apnea even in patients without a history of sleep-disordered breathing. 68 Only limited data exist on the adverse effects of obstructive sleep apnea on postoperative outcomes. Several case reports and a retrospective case-control study 69 noted a higher risk of perioperative complications in patients with obstructive sleep apnea than in matched controls. Because obstructive sleep apnea is associated with multiple medical and vascular conditions, preoperatively diagnosing and treating the condition may reduce the risk of adverse postoperative outcomes, but data are lacking. Risk may be especially high for surgical patients who have obstructive sleep apnea that has never been diagnosed.
The American Society of Anesthesiologists recently published guidelines for the perioperative management of patients with obstructive sleep apnea. 70 Despite the lack of data upon which to base recommendations, consensus was reached on a few important points. A formal protocol should be developed by a multidisciplinary group of health care providers (surgeons, anesthesiologists, and primary care physicians) to identify patients at risk of obstructive sleep apnea and to institute Trying different masks may help patients tolerate CPAP appropriate perioperative measures. Regional or peripheral anesthesia should be considered when possible. Postoperative management may include close monitoring (perhaps in an intensive care or step-down unit), nonsupine positioning when possible, and supplemental oxygen. If monitoring confirms apneas, empiric CPAP therapy may be applied, although further study is needed to prove efficacy.
We recommend the continued use of CPAP in surgical patients with a previous diagnosis of obstructive sleep apnea, and we encourage patients to bring their device to the hospital. Observational studies suggest that the perioperative use of CPAP reduces the risk of postoperative complications. 69, 71 ■
